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@ The intra-cell call hand-over technique of this 
invention is characterized by the use of channel 
information from both base station (24a) and sub- 
scriber terminal (22) in determining a standby radio 
traffic channel upon which to hand over a call. Com- 
munication between the base station and subscriber 
terminal is carried out on an inband or associated 
signalling channel for the selection of the standby 
traffic channel. The standby radio channel is the 
channel, which, of a set of channels under consider- 
ation by the subscriber terminal, contains the least 
^ amount of interference as measured at the sub- 
^ scriber terminal. The set of channels under consider- 
ation by the subscriber terminal is a subset of the 
O entire set of channels allocated to the service. This 
ir> subset is comprised of those channels having little 
interference as measured by the base station. The 
0> call hand-over technique thereby assures that calls 
^ proceed on channels containing little interference 
Q from the viewpoints of both base station and sub- 
^ scriber terminal. 
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Field of the Invention 

This invention relates to riadio communication 
systems which use dynamic channel allocation, 
especially, but not restricted to, cellular radio sys- 
tems. ' , 

Description of ^he Prior Art 

A duplex radio link ^ponVeyrhg user analogue 
and/or digital infornniatidh shall Henceforth be re- 
ferred to as a "dair! Ah example Js aHelephdne 
call over a wireless channel. _ . ' ^ 

Cellular radio conrimunicatibn systems are able 
to service a high volume of traffic with a limited 
amount of radio spectirum by re-using the same 
radio channels in sufficiently separated cells. In 
cohveritidrial city-wide mbbil<e cellular systems, 
such 3ts^ the North American Advanced Mobile 
Phone System, the frequency allocations for a spe- 
cific cell are fixed; i^e., each cell can make use of 
only a specified subset of channels of those al- 
located' to the entire service. The allocations of 
channels requiVi© careful engineering analyses of 
radio propagation cohditions 'and traffic patterns 
within and between the cells, fixed allocation eel- 
lular'radjdl systems are engirieerpd so that harmful 
levels of ' interferende from in neigh- 

bodri ng ce I Is are Un 1 i kfe ly lo be encountered . 

When a subscriber tei'nnihal moves out of the 
coverage ai'ea' of one base station and into that of 



another, the call may be m by switching 

the cbmmuhication ■ link to' the closer base station. 
This is known as '^ah^^^ hand-over, i.e., 

between cellk A description of an inter-cell call 
handover is disclosed in a co-pending application 
entitled! "Innproved lhtdr-celi C^^ Handover in Radio 
Communication Systems 'With Dynaniic Channel 
Allocation", filed oh December 5, 1990, Canadian 
Patent Application No. 2031551 (European Patent 
Application N6 ' ' ) (Strawczynski 9-3-3- 

4). On th^ other harid, when the communication 
link changeis channels without changing the base 
station that corn municates 'with the subscriber, it is 
known ^^s an "intra-ceir , hand-over, i.e. within a 
cell. Intra-cell call hafrid-bvers are usually necessi- 
tated by the presence of interference on the chan- 
nel. 

Micro-cellular radio systems tend to use dy- 
namic, rather than fixed, channel allocation. With 
dynamic channel allocation (DC A) each cell can 
potentially use any traffic channel for a given call of 
those allocated to the entire service. The decision 
as to which channel to use is made dynamically, 
i.e., based on channel usage conditions exper- 
ienced at the time of calT set-up. The decision is 
also made in a decentralized manner, i.e.,' by the 
base station or subscriber terminal in question, 
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without any centralized coordination with other 
cells. This has the advantages that no detailed ^ 
engineering analyses are required for each cell 
site, cell sites can be easily added or nnoved, and 
more traffic can be handled than with fixetd alloca- 
tion because channels unused in neighbouring 
cells can be "borrowed"! 

Examples of radio systems which use OCA are , 
the digital U.K. CT2 system, and some models 'of 
analogue North American 46/49 MHz cordless tele- 
phones. In present systems incorporating DCA. the 
determination of which'chanriel is used for a call ' 
set-up or handK>ver is rnade according to channel 
inforhnatibn from either the base station or the 
subscriber terminal. The disadvantage with this ap- 
proach is that appreciable interference may be, 
present on that channel from the viewpoint of the 
other end of the link. For example, a traffic channel 
may have little appreciable interference, as 'mon- 
itored by the base station. However, the same 
traffic channel may have unacceptable interference 
at the subscriber terminal. Therefore, the presence 
of interference may* reduce the quality of the link 
and also make it more susceptible to any further 
channel impairments which ^might arise. 

There is accordingly a need for an intra-cell 
hand-over which allows for the selection of other 
traffic channels suitable for transmission at the both " 
ends of the transmission link when the signaj qual- 
ity on the current traffic' channel deteriorates be- 
yond ah acceptable level. 



Summary of the Invention 

Ah object of the present invention is to provide 
an improved method for pedorming an' intra-cell 
hand-over in radio systems with DCA. in which 
another' traffic channel is selected according to 
channel information from both base station 'and 
subscriber ternninal, to be used when the interfer- 
ence level on the burrent traffic channel deterio- 
rates beyond an acceptable level. . \ 

After the call set-up is established, a number of 
channels are also selected as reserved or standby 
secondary channels in the event that an infra-celj 
hand-over is required! Prior to an intra-cell hand- 
over, the base' station continuously or periodically 
scans a list of available traffic channels whith havie 
low interference from its perspective to make sure 
that a standby traffic channel is available for an 
intra-cell hand-over. The list is forwarded to the 
subscriber terminal over an inband or associated 
signalling channel. The subscriber terminal checks 
these candidates, chooses one or more traffic 
channels which have low interference from its per- 
spective, from arhong the candidates and reports 
these choices to the base station over an inband or 
associated signalling channel. In the preferred em- 
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bodiment. the channel having the lowest interfer- 
ence level is reported. In the event of an ihtra^cell 
hand-over, the call would proceed on an agreed . 
upon standby traffic* channel This process of query 
by the base station and response by the subscriber 
terminai' occurs routinely throughout the course of 
the call, generally, whenever the status of' the stan-* 
dby traffic channels changes. ; - . 

Therefore, it is an aspect of the present inven- 
tion 'to provide a method for cornpleting an intra- 
cell call hand-over from a current traffic channel 
used between a base station and a subscriber 
terminal to a standby traffic channel, comprising 
the isteps of: .. , 

selecting, from a plurality of traffic channels' 
available for service, standby traffic channels deter- 
mined to be useable at the base station; ^ 

sending a message, to the subscriber terminal, 
along an inband signalling channel linking the base 
station and the subscriber terminal, the message 
being indicative of a list of standby traffic channels 
determined to be useable at the base station; 

receiving the message at the subscriber termi- 

selecting, from the list of standby traffic chan- 
nels indicated in the message! standby traffic chan- 
nels determined to be useable at the subscriber 
terminal; 

forvyarding a response message, to the base 
station, along the inband signalling channel, the 
response message being indicative of which stan- 
dby traffic channels were determined to be useable 
at the subscriber terminal; 

monitoring the signal, quality on the current 
traffic channel; 

sending a request for a, new traffic chanriel if 
the signal quality on the current traffic channel 
deteriorates to an unacceptable level; and 

switching, the base station and the subscriber 
terminal to a selected standby.traffic channel. 



Brief Description of the Drawings 



Rgures l and 2 are illustrations of a radio sys-. 
tenn^'^ em bodying the invention; 
Rgure 3 is an illustration of the jrame structure 
of a traffic. channel; and 

Figures, 4a, .4b and 4c are flow diagrams illus- 
trating the intra-cell call hand-over procedures of 
the present invention. . . . , 

Description of the Preferred Emtjodlment . 

In the illustration of Figure 1. a low-power wire: 
less communication system is shown. A typical 
network can consist of small base station lla con- 
nected to the Public Switched Telephone Network 
(PSTN) 12 and base stations 11b an6 11c con- 
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nected to the PSTN 12 via an office PBX 13. The 
base stations are basically used as radio tran- 
sceivers. These carj be deployed in offices, resi- 
dences, and public areas, such as airports, gas; 
stations and shopping malls, etc. the base stations ^ 
11a, lib and 11c. form tf^ interface between a 
numfc>er of subscriber terminals, such as portable^ 
handsets 14a. 14b and i4c and PSTN 12. Several 
base stations can also be linked to a host, such as 
a private branch eScharige PBX 13 to provide cov^ 
erage of larger areas in,' say, a private business or 
office' building. Such a wireless PBX system J s, . 
disclosed in US patent 4,771 ,448. , : 

It has been derhonstr'ated , that a radio link 
between a . base station and a. subscriber terminal 
may be. established which, although it rnay be free 
of interference upon calj^ set-up, may be affected 
by interference sometime thereafter; for exarople, 
anotfier call is set-up in a neighbouring cell^ on the^ 
same channel! therefore reducing the overall -qual- 
ity of the link. , - ^ . - 

Referring now to Figure 2. we have^ shown a 
low power wireless 'cornmunjcatipri system which ^ 
be installed in a private business of office building.. 
A PBX 20 is used by a vyi^ed telephone set 21 and 
a wireless subscriber terminal 22 to establish cail . 
connections to PSTN 23. Base stations 24a and 
24b can be placed at various locations in the office 
building to allow the use of a wireless subscriber 
terminal 22 where required. In the illustration., sub-, 
scriber terminal 22 is being served by^ base station 
24a on a selected traffic channel 25., Each base 
station continuously scan or periodically , scans a 
list of traffic channels for the. selection of standby 



traffic channels which may be used when an intr^-., 
cell call hand-over becomes necessary. With' the 
embodiment of the' present invention, the. base 
stations 24a and 24b. wotild scan i^ll available traffic 
channels, and select standby traffic channels that 
are useable or fi'ee of interference at the base 
station's end of the link. A list of standby traffic 
channels is made and forwarded to subscriber ter- 
minals via an inband or associated signalling chan- 
nel linking the base station and the subscriber 
terminals. Once received, the* list of standby traffic 
channels, is scanned by subscriber terminals. The 
subscriber terminals can tfien select standby traffic 
channels which are also free of interference at tiie 
subscriber end of the link. The preferred standby 
channel js selected and acknowledged to the base 
stations, again via the inband or associated signal- 
ling channel. This process of query by the base 
stations and response by the subscriber terminals 
may occur routinely throughout the time the call Is 
in progress and more ^particularly, whenever the 
status of the preferred standby traffic channel 
changes. 

In the event that interference arises on the 



EP 0 490 509 A2 



communication channel linking the base station and 
the subscriber terminal, an intra-cell hand-over may 
be necessary. That is;,* another channel without 
interference would be selected. For example, in 
Figure 2. a new subscriber terminal 26 is request- 5 
ing access to a traffic channef with base station 
24b. If the selected traffic channel 27 between the 
base station 24b and the subscriber terminal 26 is 
on the same frequency as the traffic channel 25, 
interference can exist if subscriber terminal 26 is io 
too close to base station 24a, or if subscriber 
terminal 22 is too close to base station 24b. Thus, 
an intra-cell hand-over would be necessary. In the 
event that the signal quality deteriorates on traffic 
channel 25, a request to switch to a new channel is 
would be initiated by either the subscriber terminal 
22 or its base station 24a. When an intra-cell call 
hand-over occurs, both the subscriber terminal 22 
and base station 24a switch over to the standby 
traffic channel. 20 

In the preferred embodiment, the base stations 
24a and 24b would be designed to prescan all 
traffic channels and select 3 standby traffic chan- 
nels which have the lowest level of interference. 
The list of 3 standby channels would be made 25 
available to the subscriber terminals and the pre- 
ferred standby channel would be selected. Thus, if 
a request for a new channel is received, a hand- 
over can quickly be initiated to the selected stan- 
dby channel without the delay needed to find an- 30 
other traffic channel. 

The signalling and traffic channels of the wire- 
less communication system may be used in time- 
division duplex mode. That is, base station and 
subscriber terminal share the same carrier frequen- 35 
cy but alternately transmit so that their transmis- 
sions do not overlap. This technique is commonly 
referred to as "ping-pong". This is shown in Figure 
3. 

As shown in Figure 3, the frame structure com- 40 
prises one time slot 42 for outbound communica- 
tion from the base stations to the subscriber termi- 
nals and another time slot 43 of the frame is used 
for inbound communication from the subscriber 
terminals to the base stations. Each slot in a frame 45 
consist of a voice or data portion 44 and an inband 
or associated signalling D-channel comprised of 
two sets of bits 45a and 45b. In the preferred 
embodiment, the voice or data portion contains 64 
bits of information per frame and the inband or 50 
associated signalling channel contain 4 bits of in- 
formation per frame. In Figure 3, the two sets of 
signalling bits 45a and 45b are separated by the 
voice or data portion 44, such that 2 bits of signal- 
ling information is first sent, followed by 64 bits of 55 
voice or data and then another 2 bits of signalling 
information. It will be known to those knowledge- 
able in this art, that the inband or associated sig- 



nalling p-channeL is a duplex channel, i.e. wherein 
one frame, 42 is used for one-way communication 
from the base station to the subscriber terminal 
and one frame 43 used for one-way communication 
from the subscriber terminal to the base station. 

Figures 4a, 4b and 4c illustrate the flow of 
information between the base station and a sub- 
scriber terminal prior to and during an inti-a-cell call 
hand-over. In Figure 4a, the process of , standby 
traffic channel selection is illustrated. In Fiqure 4b, 
the subscriber terminal sends a request for an 
intra-cell call hand-over. In Figure 4c, the base 
station sends the request for an intra-cell call hand- 
over. 

The measurement of the interference power 
present in each of standby traffic channels would 
be carried out by a receiver at the base station on 
a frequent basis. The receiver which carries out the 
scan could be. but need not be. the same receiver 
which communicates with the subscriber terminal. 

Claims * 

1. A method of completing an intra-cell call hand- 
over from a current traffic channel used be- 
tween a base ^station and a subscriber terminal 
to a staindby' traffic charinei, comprising the 
steps off 

selecting, from a plurality of traffic chan- 
nels available for service, standby traffic chan- 
nels determined to be useable at the base 
station; 

sending a message, to the subscriber ter- 
minal, along an inband signalling channel link- 
ing the base station and the subscriber termi- 
nal, the message being indicative of a list of 
standby traffic charinels determined to be 
useable at the base station; 

receiving the rnessage at the subscriber 
terminal; 

selecting, from the list of standby traffic 
'channels indicated' in' the message, standby 
traffic channels determined to be useable, at 
the subscriber tefmihal; - ~ > 

forwarding a response message,' ;to the 
base station, along the inband signaflihg chan- 
nel, the response message being indicative of 
which standby traffic channels were deter- 
mined to be useable at the subscriber terminal; 

monitoring the signal quality on the current 
traffic channel; 

sending a request for a new traffic channel 
If the signal quality on the current traffic chan- 
nel deteriorates to an unacceptable level; and 

switchirig the base station and the sub- 
scriber terrhinar^to a selected standby traffic 
channel. 
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2. A method as defined in claim 1. wherein said 
standby traffic channels are selected from, the 
plurality of traffic channels, available for service 

by; 5 . . ' ; 

scanning, at the base station, each traffic 5 
channel in said plurality of traffic channels; 

./detecting the power level on a scanned 
traffic channel; and 

' identifying the scanned traffic channel as a 
useable standby traffic channel if the power io 
level is below a first predetermined threshold. 

3. A method as defined in claim 2, wherein addi- 
tional standby traffic channels are selected 
from the plurality of traffic channels available 75 
for service if an inadequate number of standby 
traffic channels were found to have power lev- 
els below the first predetermined thi'eshpld. 

' ... . . '..*■' 

4. A method as defined in claim 3, wherein if 20 
additional standby traffic channels are select- 
ed, traffic channels having the lowest inteiier- 
ence level above the threshold will be se- 
lected. 

. _ 25 

5. A method as defined in cliim 4, wherein if any 
remaining standby traffic' channel have an ex- 
cessive level of interference considered to of- 
fer inadequate communication betvyeen the 
base station and the subscriber terminal, they 30 
will be excluded from* the selection. 

6. A method as defined in claim 2, wherein said 
message is sent to the subscriber terminal by: 

stof-ing those standby^traffic channels iden- 35 
tified as being useable standby traffic channels 
at the base station; and . . - 

forwarding to the subscriber terminal a list 
of stored standby traffic channels. 

7. A method as defined in claim 6, wherein stan- 
dby traffic channels on the list' are determined 
to be useable at the subscriber terminal by: 

scanning each standby/ traffic* channel 
identified on the list; 45 

detecting the power .level, on the standby 
traffic channel; \ / ' ^ . 

selecting the standby traffic channel with 
the lowest power level; and * 

storing the selected standby triaffic chan- so 

nel. 



traffic channel; 

selecting the first standby -traffic channel 
having a power level belpyy a second thresh- 
old; and . - ^ 

storing the selected staridby traffic chan- 
nel. 
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8. A method as defined in* claim 6, wherein stan- 
dby traffic channels on the list are determined 
to be useable at the subscriber terminal by: 

scanning each standby traffic channel 
identified on the list; 

detecting the power level on the standby 
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@ The intra-cell call hand-over technique of this 
invention is characterized by the use of channel 
information from both base station (24a) and sub- 
scriber terminal (22) In determining a standby radio 
traffic channel upon which to hand over a call. Com- 
munication between the base station and subscriber 
terminal is carried out on an inband or associated 
signalling channel for the selection of the standby 
traffic channel. The standby radio channel is the 
channel, which, of a set of channels under consider- 
ation by the subscriber terminal, contains the least 
amount of interference as measured at the sub- 
scriber terminal. The set of channels under consider- 
ation by the subscriber terminal is a subset of the 
entire set of channels allocated to the service. This 
subset is comprised of those channels having little 
interference as measured by the base station. The 
call hand-over technique thereby assures that calls 
proceed on channels containing little interference 
from the viewpoints of both base station and sub- 
scriber terminal. 
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